312 


THE LANCET,FEBRUARY 9.1985 


Preliminary Communication 


CUMULATIVE EFFECTS OF LIFETIME PASSIVE 
SMOKING ON CANCER RISK* 
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Summary Cancer risk Eom cumulative household' 
exposure to ci^ette smoke was evaluated in 
a case-control study. Overall cancer risk rose steadily and 
significantly with each additional household member who 
smoked over an individuars lifetime. Casc^ risk was also 
greater for individuals with exposures during both childhood 
and adulthood than for individuals with exposures during 
only one period. These trends were observed for both 
smoking'related and other sites. These findings are 
preliminary, andi must be confumed with other studies. 
Nonetheless, they suggest that effects of exposure to the 
cigarette smoking of others may be greater than has been 
previously suspeaed. 

INTRODUCTION 

Increased risk of respiratory illness in children, 
changes in respiratory function in children and adults,risk 
ofchildhoodtomoursj^^xnd i^ of lung cancer and possibly 
other adult cancers’'** have all been reported as possible 
effects of exposure to other people's cigarene smoke (passive 
smoking); Adult cancer risk from childhood exposure to 
parents' smoking has also been discussed.**’*^ These studies 
considered the independent effects of exposure in one period 
to cigarene smoke from only one source, even though 
individuals may, be exposed to a number of sources over their 
lifetime. 


^Some of Urn mtteml 'wts preaented at the annual oxttmt oT the aocicty for 
Epidtmioloftc Research, June, 1984, Houston, Teus USA. 


In a study of adult cancer risk related to parents' smoking*^ 
we collected data on exposure to cigarette smoke of not only 
parents, but also spouses and other household members. In 
the present study cancer> risk in relation to cumulative passive 
exposure to cigarene smoke was examined: We did not collect 
dau on exposures outside the home, but were able to consider 
whether cancer risk increases with the number of household' 
memben who smoke, 

METHODS 

Study method* have been reported elKwhcrc.*^’** Cancer 
patients were selected from a bospital^basedtumour registry. They 
included all thoae with cancer diagnosed between July L, ,1979, and 
March 31, 1981, and assumed to be alive on March 31, 1981. 
Patients ranged from 15 to 59 years of age at the time of diagnosis, 
and ail cxnctr sites except basal^U caoett of the skin were 
included. Patients were restricted to age 59 and younger to 
maximise the likelihood of maternal smoking, since few women 
were smokers before 1920. 

Of 740 eligible cancer patients identified from the tumour 
registry, 107 (14%)i died before we could comaa them. An 
additional 115 (16%) either refused to pertidpate or could not be 
contaaed. 518 (70%) patienu completed questionnaires. Control 
subieas were ctncer^&ee and of the same race, sex, and age (±5 
years) as patients. They were friends or acquaintances of patients 
(n»309) or were randbmly selected by systcinatic telephone 
umpUng (h - 209). Patients and control subject* were alio tmiiiar in 
occupational category and smoking habit*. Analysis was restricted 
to individual* who lived with both naTural parent* for most of the 
first 10 years of life. Results arc reponed for 369 patients and 409 
control subject* who supplied information about the snyking habits 
of their spouse and parents. 

Information on exposure to ciprette smoke was obtained by 
mean* of a structured questionnaire that was sent to ail tubjecu. 
Another questionnaire was sent and follow-up telephone calls were 
made when a response to the first questionnaire was not obtained. 
Childhood exposure to cigarene smoke was assessed from 
questionnaire reports of smoking histories of parents and 
information on other household members who smoked Subjects 
were considered to be exposed during childhood done or both 
parents smoked'Cigarenes in the house before the subject was 10 
years old or if one or more other household members smoked during 
that peri odj Passive exposure to cigarette smoke during adulthood 
was estimated from the number of years ofmarriage during which a 
spouse snoked. Subjects were considered to be exposed if they had a 
spouse who smoked regularly at any time during their marriage. 
Aaive smokers were defined as those who ever smoked ii many as 1 
cigarette a day for as long as 6 months. 
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TABU 1-OVEKAU. CANCER RISR FROM HOUSEHOLD EXPOSURE TO 
OGAKETTE SMOKE 


Number of b®u»ei«>ld member*, wbo imoke 


— 

0 

1 

2 

3 or more 

CtwnWW group 





Piticnti 

i M 

127 

123 

48; 

CoDtrol subjects 

99 

161 

97 

34 

Odds ntio 

1*0 

lr4 

2-3* 

2-6*t 

Acxxve imoAfrrk 




11 

Pitients 

22 

60 

78 

1 35 

Comrol fubjerti 

38 

i ' 

60 

! 25 

Odds ratio 

l-O 

! 1-4 

2 - 2* 

2*4*t 

Nen'rmokrn 





PacicDts 

32 

67 

1 45 

13 

CoQtrol subjecu 

61 

88 

37 

9 

Oddi ratio 

1-0 

1-5 

2-3* 

2.8*t 


*SuicuticaIJy *i|;ninc*ot difTereaces betweeo nik with ipedfied aumber of 
expoeures and with no expoaure, .fKO ■ 05. 

•fStaimicaliy li^nificant x* trend, p<0'01. 

Current tmokien and ex-cmoker*; 


We have found*^*^’ that exposure to parents* or spouseU imokihg 
contributed independently to cancer risk—ie,, adjusting for one 
exposure did not alter the risk associated with the other. Thus we 
used two approaches to measure the efTecu ofl multiple exposures: 
cancer risk was examined in relation to the total number of 
household' members who smoked, iirtspcctive of when the 
exposures occurred, and in relation'to the period during which the 
exposures occurred (childhood or adulthood only, or both periods), 
Odds ratios were calculated and a chi-square test was used to assess 
statistical significance. A chi-square test for linear trend was usedto 
evaluate the risk with increasing numbers of exposures in 
unadjusted^^ andadjusted^^ analyses.. 

RESULTS 

Cancer risk associated'with exposure to inacasing num¬ 
bers of household members who smoke is shown in tablfc i. A 
smoking mother, father, spouse, or 1 or more additional 
household members who smoked during the patient's 
childhood or a spouse who smoked while married to a patient 
each counted as one exposure. The total number of exposures 
is the sum of the individual exposures. Overall cancer risk 
increased significantly with' increasing numbers of 
exposures, with odds ratios rising from 1 • 4 for 1 exposure to 
2*3 for 2 exposures and 2*6 for 3 or more exposures. 
Statistically significant linear treads were also seen when 
smokers and non-smokers were considered separately. 
Adjustment for potential differences in age, race, sex, and 
educational level did not alter these trends. 


TABLE IL-OVERALL CANCER RISK FROM HOUSEHOLD EXPOSURE TO 
aCARETTE SMOKE IN CHILDHOOD AND ADULTHOOD 



Age period d'exposure 

, No 
' expocure 

Childhood j 
only* 

Adulthood 

onlytl 

Both 

Paoents 

Control aubjccu 
Cklds ratio 

54 

99 

10 

j 107 

1 124 , 

' 

58 

72 i 

1-5. 

w 

145 

96 

1 


^Exporurc to UDoking laocbcr, father, or other household member during 
childhood. 

i*Exposure to tmokini spouse. 

^SistisiicftUy .tigniAcani difTcrenexs b et w ee n risk with specified exposure and 
DO ex p os ure, p<0 ^ 05. 

{Sististically significant linear trend: no exposure, exposure in only ooc time 
period, exposure in bMh time periods, for trend-23^7, p<0-01. 


We also measured cancer risk in relation to the period when 
exposures occurred (table U). Risk rose by 60% fOr 
individuals exposed during childhood only and by 50% for 
individuals exposed during adulthood only but was more 
chan doubled for those exposed duiing childhood and' 
adulthood (odds ratio* 2 *7). There was a significant linear 
trend in risk for individuali exposed in no, 1, or 2 periods. 
Again trends were similar for smokers and non-smokers and 
were not affected by adjustment for potential confounding 
factors. 


TABLE III^CANCER RISK FROM MULTIPLE HOUSEHOLD EXPOSURES 
TO CIGARETTE SMOKE SITES WITH 15 OR MORE CASES* 



Number 
of cases 

Number : ctf exposures 

Site 

i 0 

1 

2 

3 or more 

i 

All sites 

j! 369 

]-0 

1 ]i-4 

2-3 

2-64: 

Smoking relatcdi- 

' 115 

' 1-0 

' l '-8 

30 

3-8t 

Other 1 

254 

1-0 

1- 5 

2-4 

2-6+ 

Buccal cavity and; 
pharynx 

15 

10 

4-9 

1 5.1: 

I 2-9 

Digestive tract' 

30 

1-0 

0*7 

1-8 

1-3 

Respiratorytraa 

19 

1-0' 

0^7 

0-6 

2-9 

Breast 

48. 

1-0' 

2*0 

2-4 

3-3+ 

Cervix 

62 

10 

1-6 

3-6 

3-4+ 

Eye, brain, and other 
nervous tysietn 

1 29 

1 10 

2*3 

2- 3 

0-7 

Thyroid 

19 

1-0 

uo 

31 

8-7 ‘ 

Leukemia and 
tymphoma 

37. 

10 

2-5 

5-1 

6-8+ 


*Odds rttio* tre gi'^en. 

-yIncludes ortl cavity and pharDjrx, ocaophagus, pancreas, reapirttory tract, 
urinary tran, and cervix. 

^Staiistically ugnificant linear trend. 


Cancer risk increased with increasing numbers of 
household exposures to cigarette smoke for smoking-related 
sites and for other sites that arc not thought to be smoking 
related (table III). Smoking-related sites included cancersyof 
the oral cavity and pharynx, oesophagus, pancreas, 
respiratory traa, urinary traa, and cervix.*For smoking- 
related sites odds ratios fbr 1,2, and 3 or more exposures were 
1 * 8, 3 ♦ 0, and 3 • 8, rcspcaivcly. The trend for the other sites 
combined was also statistically significant but the risk was 
less than that for smoking-related sites. The trends for 
cancers of the breast and cervix and for leukaemia and 
lymphoma combined were significant, but the trend for 
cancer of the respiratory tract was not. 

DISCUSSION 

If passive smoking has an effea on cancer risk the nature 
and extent of that risk are likely to differ for childhood and 
adult exposures. The dear overall crends found in this study 
might associated with carcinogens present in tobacco 
smoke aaing through multiple mechanisms at different 
periods of life. We found the risk of all cancers increased 
steadily and significantly with cximulative lifetime exposure 
to household members who smoke. This trend was not 
altered when adjustment was made for confounding 
variables. 

Our findings must be regarded as preliminary. Prompted 
in pan by experimental evidence*’ we initially intended to 
measure the effect of transplacental or early childhood 
exposure to carcinogens on cancer risk in adulthood. We 
chose to investigate cigarette smoke because exposure to this 
carcinogen is both common and measurable. The finding of a 
cumulative lifetime risk from passive smoking was 
unexpected. 
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We coU^aed infonnatioD od most possible sources of 
dgarcne-smoke exposure that would be encountered during 
childhood but the only adult exposure we considered was that 
resulting from the smoking of a spouse. We did not validate 
information on smoking habits of spouses but interviewed 
more than TOO relatives of patients and control subjeas to 
validate the quality of parental smoking histories provided by 
adult offspring. Study subjects provided adequate 
information on parents* smoking, and the quality of these 
data did not difTer between patients and control subjeas. 

For adults in the United States exposures to cigarette 
smoke outside the borne may be important. “ Also the 
frequency of exposure to other people’s dgarene smoke may 
change with age, with the peak exposure possibly occurring 
during a person’s 20s.^ We did not take exposures outside 
the home or age-related changes in exposxirc frequency into 
account. 

Our data are limited by small numbers of any specific 
cancer site, b)^ruio charaaeristics of our study sample, and 
by other features of our method.*^'** No conclusions about 
the impaa of passive smoking relative to the effects ofdirea 
smoking can be mad^, since the seleaion of friends as control 
subjects meant they were usually matched with patients on 
smoking status. We confirmed the quality of our dau and 
ruled our many, but'not all, potential confounding factors. 

Although the passive smoker receives a quantitatively 
lower exposure than the aaive smoker, that exposure is 
qualitatively richer in many smoke constituents: there is 3 
times as much benzo(a)pyrene, 6 times as much toluene, and 
more than 50 times as much dimethylnitrosamine in a fixed 
volume of sidestream smoke in the gas phase as there is in 
dgarene smoke inhaled by the aaive smoker.*® The potential 
for damage from passive exposure may be greater than has 
been previously recognised. 

Our finding of dose-dependent cancer risks for sites not 
considered to be related i to aaive smoking might be 
questioned because active smokers are also passively exposed. 
For some sites it is not clfear in the literature if no risk from 
direct smoking exists or if a possible link has not yet been 
investigated. For other sites, such as the breast, some studies 
have found no cancer risk associated'with smoking.^* One 
possible explanation for this disaepancy is that in studies 
comparing smokers with non-smokers, passive smokers are 
included in the non-smoking group. This would make it 
difficult to detea a small difference in risk due to smoking. 
Few studies have evaluated the effects of passive smoking on 
risk of cancer at sites other than the lung. Furthermore, there 
is little dau available on the effects of transplacental or 
childhood exposure to dgarene smoke on cancer risk in 
adulthood. 

Data from biochemical and experimental studies suppon 
our findings though many of these reports must be regarded 
with caution; There is evidence that non-smokers are exposed 
to potential carcinogens through the dgarene smoking of 
Others. Cigarene-smoke by-produas such as cotinine and 
thiocyanate have been measured' in the blood, urine, and 
saliva of non-smoking adults, children, and fetuses exposed to 
smokers,and there has been at least one repon of raised 
levels of muugens in urine of passive smokers.^ Greater 
aaivity of enzymes that metabolise bcn 2 o(n)pyrene has been 
noted in pl^cntas of tmokers^^ andi even passive 
smokers.^* Similar increases may occur in tissues of fetuses, 
children, or adults exposed to smokers. 

Studies in laboratory animals provide evidence in suppon 
of an adult cancer risk from transplacental or chil^ood 
exposure to dgarene smoke, but this hypothesis has not been 


tested direaly.** Dau from these studies show that many 
cardnogens, including those in cigarenc smoke, are active 
when administered transplacenully or during early life and 
may produce effects at lower doses than those required for 
adults.^^’^ Some low-dose exposures which arc not in 
themselves carcinogenic increase the sensitiviTy of exposed 
animals to later carcinogenic exposures.In other 
experiments rumours resulting from transplaceoul and early 
poscnaul exposures were not apparent until the animals were 
fully developed and did not necessarily differ in site or 
morphology from spontaneously occurring tumours.^’” 
This is consistent with our finding of raised risk for adult 
tumours at many sites. 

Future studies should include cancer sites not necessarily 
assodated with aaive smoking and should take into account 
childhood sources of passive smoke exposure. 

Correspond^ct thouid be wklraKd to D. F. S, EpKkmiology Bnacb, 
NIEHS, PO Box 12233, MaiJ Drop A3-02, Rwarefa Trunsle Pork, NC 27709 
USA 
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